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INTRODUCTION 


his vaper describing the mining practices of the Inspiration Consol- 
idated Cooper Co. at Insviratiwr, Ayiz., is one of a series teing prepared by 
the Bureau of Mines on mining practices, methods, and costs in the various 
mining districts of the United States. | | 


HISTORY 


The history of mining in the Globe-l‘inmi District starts in the seven- 
ties, when prosnectors began roaming the hills of central Arizona. The Silver 
Ying on the sovth side of the Pinal kKountains and the first claims of the 
present Old Dominion property at Globe on tne nort> side of tne range were 
located about 1875. Only silver and gold ores were valuable in those early 
days, aS copocr was too bulky a product to be Snivped to the areas of consump- 
tion. In tne late eighties, however, smali reduction plants for treating nigh- 
grade copper ore were built in the Globe district, tlister copper being shipped 
east for refining. The green and blue outcrops in the hills to the west of 
Globe surely intrigued those carly seel-ers of high-grade ores, and no coubt 
small amounts from there were treated at the Globe smelters. Old workings 
show that some silicate copper ores were mined from veins outcrovping in the 
hills wnere the present Live Oax and Keystone sections of the Inspiration Con- 
Solidated Convz,er Co. are located, The tonnage 80 extracted is not known. 


In the early vart of the present century Bud Woodson, John Copeland, 
Jack Newman, and others were prospectiug in tre “iami hills. The best ore was 
found in the Black Warrior and Black Copyver properties, It may be of interest 
to note that Colonel Fleming was conducting leaching experiments on Black 
Warrior ore snortly after 1900. Exploration work was continued at other 
places and eventually tunnels driven into the north side of Inspiration Ridge 
reached low-grade sulphide ore, This seemed a poor reward for years of effort, 
out was the original discovery of the large low-grade ore bodies of the Miami 
istricte 


Tne Bureau of ines will welcome revrinting of tris article provided the 

following footnote acknowledgment is used: "Reprinted from U. 5. Byreau of 

Mines Information Circular 6169." | 

2 One of the consulting engineers, U. S. Bureau of Mines, and Chief Mine Engi- 
neer, Inspiration Consolidated Copper Co. 
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In a few years the success of the Utah Copner Co. and the Nevada Con- 
Solidated Copper Co. caused a search for other. similar deposits, and then the 
Miami district came pans its own as a pOscne as source of large-scale copper 
production. } Ho 


Intensive development and construction started in the Miami end of tn: 
district in 1908. Churn-drill exploration of the. Inspiration end started in 
1910 and undérground developmént was well under way in 1911. Construction o7 
treatment plants ‘vas finished far enougn so that on July 1, 1915, the Inspir- 
ation Consolidated Copper Company was officially placed in production. A lez 
ing plant for the treatment of oxidized ores was completed in 1927 


PRODUCTION 
In 1928 the production of the mine was 4,879,616 tons of ore avcragix 


1.125 per cent copper. Of this amcunt 1,838,164 tons was concentrating and 
smelting ores assaying 1.296 per cent copper, and 5,041,438” tons was leaching 


-. ore carrying 1.022 per cent copper. The copner Srodaction for the year was 


88,123,311 pounds, of which 38,313,520 powids vas from concentrating ores, 
49,692,724 from leaching ores, and 117, 067 from direct sim eEtine ores. 


The total production of the mine from the start of iasuciens to the 
end of 1928 has been 1,083,183,258 pounds of copper. 


. The mine is ‘operated during three $-hour shifts per day, emoloying @ 
total of 'l, 750 mene 


exonoer 


The disseminated ore of the Miami district occurs in two formations 
the Pinal schist and Schultz granite.’ The grade of the ore is no higher in 
one than in the other. The mineralization in botn the grenite and the schist 
is abruptly cut off on the east by the Miami foult. On the west in Live Oak 
ground the ore body becomes too thin to be mined profitably. Both on the ar: 
and south faulting partly limits the ore body; there is also in vlaces a 
gradual reduction of the grade of the ore to material too low-grade to be mine 
Part of this low-grade material may Be. ore in the eure. | 


The only large displacement of the eT ore body fica’ f3¢. 1) is 
the Bulldog fault, which strikes north and sovth and dips to the east. This 
fault drops the west end of the Inspiration ore body in relation to the ease 
end of the Live Oak ore body, but has not meer soLry affected mining methods 
or development of the AT CAS 


| In genernol, the bottom of the ore body is re slechanty regular, either 
plat or dipping on such a slope that considerable areas can ‘be reached from 
one haulage level without unduly long raises. 


i The total length of mineable ores in the ground.of fhesdention Com 
solidated Copper Co. is about 8,000 feet, with an average width of 800 feet 
and an average thickness of 200 feet. : 
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In some places the ore outcrops on the surface, and elsewhere the cap- 
ping varies to a maximum thickness of 500 feet. 


The chief copper minerals are chalcocite, malachite, azurite, and 
chrysacolla, and these minerals are usually distributed along cracks and 
fractures and in the crevices. Im some locations, however, little specks of 
chalcocite are distributed throughout the rock. Quite often in the chalcocite 
ores residual particles of pyrite can be seen and in the mixed ores part of 
the - se aca remains unchanged. 


No doubt it is the fractures that make the Inspiration ore bodies mine- 
able by a caving system. 


PROSPECTING AND SAMPLING 


The probable and possible ore-beering areas of the various divisions 
of the company's property sere explored and prospected by churn-drilling; the 
holes were put down wherever practical on the cerners of 200-foot squareSe 


The original churn-drill sampling was done in as careful a manner as 
possible. From each 5-foot interval the sludge was bailed and run through a 
Splitter, the sample going into a tut. At this time tne samle was examined 
for its minoral constituents, and the results Were placed on the log sheet. 
If the examination scemed to show a prenonderance of covper sulpnide,the ore 
was Classed as "sulphide"; if oxides and czsroonates were mixed with the sul- 
phides, it was shown as "mixed": and if only the oxides and carbonates showed, 
it vas marked "carbonate.! 


This classification was done with care, but it can be assumed that 
"Sulphide" was favored slightly, as this vas at the time the only ore of 
economic value. Toward the end of the churn-drilling period, while the samples 
were still classified according to their visible mineral constituents, they were 
also assayed for acid soiuble end insoluble copper. This was a tremendous 
step in truly classifying the ore. 


The sludge in the tub was brought to dryness over an open fire, If the 
sampler were careless. and dried and heated the sample too much, probably some 
oxidation took place and tne sulphide got the worst of it. 


In recent drilling the sample has been talren in the same way, but nas 
been brought to dryness on a steam sample-drier and the dried sample assayed 
for acid soluble and insoluble covper. — 


In the last few years considcrable diamond drilling has been done 
particularly to determine the class of ore, whetner sulphide or oxide, cad also 
to determine accurately the bottom of the ore bodies, In addition, some pros- 
pect drilling has been done with the diamond drill. In accuracy, speed, and 
cost diamond-drilling compares most favorably with clurn-drillinge 


ESTIMATION OF TONNAGE 


The tonnage estimates were made on the basis that 12-1/2 cubic feet of 
ore in place would equal 1 ton. As the drilling was done on the corners of 
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2£00-foot squares, it was usual to tale 40,000 square feet as a unit. Ina ta 
instances an area of one-half a unit was used, and also in a few instances the 
area was calculated, due to irregular spacing of the drill holes. 


The ore was classified through varicus gradations from low carbonate 
to low sulphide. The footage of each class of ore in each drill hole was tz: 
and the sum of these footages in the four holes of the quadrilateral vas divi 
by four to zet an average footage or thickness of ore in the quadrilateral. 
This average footage multivlied by the area of the block gave the cubic feet 
of the class or ore in the block; and this amount when divided bz 12-1/2 gave 
the tonnage of each class. Summing up the block tonnages gave the total tcz- 
nage of ore of each class, | | 


The grade of the ore in an area was computed by taling the sum of tze 
assays for eacn of the four holes, corsidering each class of ore sevarately, 
end dividing bythe number of assays to get the average value. This average 
value of each class of ore in each hole vias then multiplied by the footage ts 
get a result in fect per cent. The feet per cent of the four holes was sume 
end divided by the total footaze to give an everage value for the area. The 
tonnagzes and grades of the individual blocxs were combined to give a total 
. tonnage and grade for the property of eacr class of ore. The classes of ore 
were finally combined to give a total tonnage and grade for all the ores. 


To chock this estimate the same method of computation was used on all 
the ore without regard to class to arrive at a total tonnage and grade. 


Subsequent to these estimates, another estimate was made from sections 


Judging from the experience of other companies under similar conditi: 
the results of the churn-drilling were considered sufficiently accurate to J+ 
fy the spending of hugh sums for mining development and plant construction, 
and no underground work zas done to check the churn-drilling until actual oi: 
operations were ready to begin. However, early in the develonment of the In- 
sviration division ore body there was an opportunity to check by means of dri: 
and raises a considerable area that had been drilled. The check of the esti= 
made from the drill samples against two sets of mine samples wes remarkably 
close. 


In the lignt of subsequent events perhaps this checking was done unde? 
the most favorable conditions, Still, the knowledge gained from mining areas 
which probably would not have checked so well has now made it possible to well 
the reliability of churn-drill sampling as a method for estimating the grade 
. and tonnage of an ore body. 


The original tonnage and grade estimates were mane by the engineerin 
staffs of the Live Oak Development Co. and the Inspiration Copper Co. from tl 
to time. The study of the churn-drill records in connection with undergrouwt 
mining operations has always been used to guide the planning of future develo? 
ment work. 
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DEVELOPLENT AND MINING 


The churn-drilling, in a general way, had definitely located the bottom 
of what was then considered the profitable ore horizon. Certain areas were 
available for steam-shovel mining, but it vas considered that underground 
methods were more applicable to the whole ore body. 


Elaborate studies by means of models were made of caving operations. 
Close estimates of costs were worked out and it was decided to mine the. Inspir- 
ation division ore bodies by the mining method put into practice by Mr. Felix 
McDonald at the Onio Copper Co.'s mine. This method had the merit of giving 
a low cost per ton and it was thonght that controlled drawing wowld give the 
greatest and quickest returns on the money invested in the property. 


after being undercut the ore is drawn ero OOAtT! chutes through _ 
grizzlies and into storage :raises. From these raises it is loaded into cars 
on the haulage level and taken to the shaft. 


Development 


Figures 1 and 2 show the ore body and the major development workings 
of the mine. The mine is operated as three sevarate divisions - the Inspiration, 
the Live Oax, and the Ke-stone. For some ovurposes the tvo latter divisions 
are treated as a unit. Tue Inspiration division was the original mire. The 
Live Oak was next. developed. The ore from this sepoemtet is hoisted in the 
Live Oak shaft and Shipped by rail to the primary crushing plant at the Inspir- 
ation hoisting shafts. From here it is taken to the See oer The Ke:stone 
division is developed through an adit known as the Sulpaide trmmel, its ore, 
however, being hauled underzround to the Inspiration shaft and there noisted. 
Most of this ore is Meee in the oes plant. 


As mist be roniivea. any cane re tonnare method of mining necessitates 
unusually good underground haulage systems; for the "throat" of the whole scheme 
is getting the ore from the mining areas to the ‘hoisting snafts The hoisting 
shafts mst be located far enough outside the mining areas to Be sofe from dis- 
turbance, This entails long haulage distances on each haulage level, There- 
‘fore, the considerable cost. of each additional haulage level mst be carefully 
balanced against the cost of raising necessary to reach the bottom of tne in- 
clined parts of an ore. body. 


Inspiration Division, - The er seta of jegeioaneat of the Inspir- 
ation division called for a main haulage level (the 600) 450 feet below the 
collar of the ore hoisting snafts, and a secondary haulage level, the oe Sub- 
levels were ontve” at epproxateyery 30-foot vertical intervals. 7 


| Three shafts were sunk ‘to facilitate this ‘development work. The Joe 
Bush was. used principally for :sublevel development and for driving the 400 
haulage level. The Scorpion. and Colorado were sunk to the 600 level. From 
them this level was extended to the limits ‘of the Inspiration division, and - 
eventually a connection was established with the Live Oak and Keystone divisons. 
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From a sublevel an inclined sraft (fig. 3) was raised to the surface 
and sunk to the sixth level. A small amount of development Work was done fror 
this shaft, but its principal vse has been as an entrance through «hich to 
bring suvplies into the mine, 


To date the Inspiration division has had three very extensive haulage 
levels, the 400, 600, and 850. The 409 is now worked out and abandoned, the 
600 is nearly finished, and the 850 is being developed and is producing ore. 


Live Oak and Keystone Divisions. - The planning of the development of 
the Inspiration division was easy compared with that of the Live Oak division. 


This division, together with the Keystone, covers an extreme length oi 
4,000 feet. On the east end the ore outcrops; on the west it is covered with 
900 feet of capping, and the bottom is lower by 900 feet. If this 900 feet of 
drop nad been on an even grade throuchout the 4,000 feet, it would not have se 
So difficult. Instead, the bottom of the ore was reasonably flat for consider 
able distances, then pitched on 2 45° slope for several hundred feet, and ther 
flattened out again. This condition necessitated careful study of the haulece 
level locations, 


he Live Oak division is developed and operated through the Main Live 
Oak shaft. A second shaft is used as an upcast air course. Four levels, the 
600, 800, 1,000 and 1,200, have been cevelored. The ore dips away from the 
Shaft, wnich increases the length of haul on lover levels. 


The main haulage level of the Keystone division is the 300, or Sulphid 
Tunnel level. Ore gathered on this level is dropped through storage pockets 
to the 600 level and hauled to the Inspiration shafts, 


Two shafts which served in the early development of the Live Oak- 
Keystone ore body are now used as ventilating shafts. 


Hoisting Shafts. - In addition to the development shafts, twin operatt 
shafts were sunk on the Inspiration end of the property. This vas done as soc: 
as the Inspiration division ore body was proved to be of economic importance. 
These shafts are north of the ore body, sufficiently far from it to be safe 
from caving operations, and are fairly centrally located with respect to the 
haulage of ores. They are identical in size and 104 feet apart. They were 
timbered with light timbers as sunk, and were concreted from the bottom up 
(see fig. 4). The stations and pockets were excavated and concreted as the 
concreting of the shaft was brought up. As completed, each shaft had three 
compartments, to in each shaft being used for ore skips. The third compartne: 
in one shaft was used for a double-deck passenger elevator; this has been used 
through the years as the means for the various working crews to enter and leavé 
the mine. In the other shaft the third compartment served as a passageway for 

he cage counterbalance as well as for pump columns, mine water-sunply lines, 
high and low-pressure air lines and electric cables. The usual ladderway was 
also provided in this compartment. The three compartments in each shaft were 
identical in size; that is, 5 feet & inches at right angles to the guides and 
5 feet 11 inches parallel to the guides. This size of shaft compartment per- 
mitted the use of a large skip, the inside area of the latter being approxi- 
mately 20 square feet and the depth 14 feet. This skip was supposed to have 3 
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12-ton capacity but holds a larger load. The usual load is kept at 12-1/2 tons. 
Tne sltips are operated in. balance. 


The Main Live Oak shaft (fig. 4) was sunk at a considerably later date 
and due to local conditions was of a different section. The denth was 1,400 
feet, against 5&5 feet at Inspiration; a separate suoply entrance was not 
possible, The skip comartments were made the same size as at the Inspiration 
snafts, The man-cage compartment was made 6 feet 9 inches by le feet 4 inches. 
This size permitted a cage of such dimensions that 5-ton mine cars could be 
transferred from level to level; trucks holding ordinary mining timbers could 
be lowered from the surfsecs to the various levels, and approximately 55 men could 
be hoisted or lowered at one time, An innovation a»plied to both the Insviration 
elevator and the Live Oal: main shaft cage was an insulated cable hanging from 
the cage to a junction box in the shaft wall midway in the travel. This carried 
telephone wires for connection with the various levels, surface, and hoist engi- 
neer's platform. It also permitted flashing of signals to the attendant whether 
the cage was in motion or Stationary and allowed electric lights to be installed 
on the cage and elevator. se | 


The compartment for the ladderway, cage counterweight, pipes, and con- 
duits at the Live Oa: shaft is 2 feet 9 inches by le feet 4 inches, 


-This shaft was concreted from the bottom un, and stations and pockets 
were concreted during the prosress of the shaft worl. The excavation of the 
pockets was done in most instances after the concreting. 

Haulage drifts. - The size of haulage drifi* has »een standard since 
operations wene started. The ca» of a timber set is 7 feet 6 inches in the 
Clear. By a State statute the distance from the ton of the track ties toa 
trolley wire must be at least 7 feet. Inasmuch as trolley hangers are about 
4 inches high, the distance there became.7 feet 4 inches from tie to cape 
This distance is set at 7 feet 6 inches by the company, and 8-foot posts are 
generally used; at times posts 8 feet 6 inches long were used on the ditch side. 
As more difficult rock conditions were encountered, the length of the posts was 
increased to 9 feet and the height above the base of rail was increased to 8 
feet, and even to 8 feet 6 inches. Criginally the batter on the posts was 1 
inch to the foot, but standard practice has been changed to 1-1/2 inches per 
foot. This change increased the clearance between cars and timbers; also, in 
heavy ground it increased the length of service time before posts had to be 
"set back", and perhaps made a stronger drift section. 


Sawed timber has been used almost entirely in the mine. Underground 
storage difficulties are the chief drawback in the use of poles or round timber. 


Grizzly and Undercutting Drifts. — Grizzly and undercutting drifts when 
untimbered are driven 4 by 6 feet to 5 by 7 feet in section, with the usual 
rounded crown. When timbering is necessary a standard small drift set is used 
with a cap 5 feot 6 inches in the clear and with 7-foot posts. 


Raises. ~ The sections of primary ore passes have been of different 


Sizes when driven without timber, varying within the limits of 3 by 3 feet to 
o by 7 feet. When timbered the sizes for many years have been standard at 4 by 
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4 feet, 3 by 3 feet, and 3 by 4 feet in the clear. Sections other than sq-2: 
are higher than wide. Raises are cribbed and the ugser and sometimes lower 
corners of the individual timbers at pl:.ces of miuxinmm wear are protected by 
3/8 by 3-1/2 by 3-1/2 inch angle irons. Various sizes of cribbing timer hs 
been used, but the standard for a long time has been 6 by 10 inch. When a 
timber 6 by 10 inches by 5 feet long (a 4.foot cribving) is angle-ironed, it 
is about the right weight to handle up raises. ln 8 by 10, or 6 by 12 inch 
piece similarly ironed is too heavy, and smaller sizes do not have sufficierxt 
strength to hold the erounde : 


_ Transfer ore passes from haulage level to ho wlage level usually have 
Section of 6 by 8 feet in the clear. They are timbered with 10 by 10 inch 
cribbing, angle-ironed both top and bottom, and placed flush on eacn other. 
The placing of timbers skin to skin is the result of exverience, as in the 
early days sets lined with plank were tried unsuccessfully in raises. 


In some areas indeoendent su»ply and manway raises have been driven, 
but usually a raise in mined-out country or cre that is ready in advence of 
mining is used for a manway and for bringicgin supplies. Svpplies are hoiste 
in a metal "boat", using air-driven hoists. 


Drilling. - Medium-weight drifters and wet vlugsers and stoners are < 
for drilling tne widening ana underentting rounds. The same types of drifter: 
and plugger are used for large and small dsitt work. Medium-weight plugeers 
are used for shaft-—si: oar For raise wor. « vet hand-rotated mediur-—weigni 
Stoper is used. : 


While numerous types and makes of machines have been tricd, it has 
proved advantageous to have only a few standard tipes, and it is wsual to na 
each type from one manufacturer only. This is particvlarly advantageous. in 
a property that is as far-flung as that of the Inspiration Consolidated Conte 
Coe 


Steel for drilling has been standardized for each type of machine. 4 
attempt was made to make standard a steel with a l-inch hollow round section 
for all machine work. This section seemed too light for drift work, as bres 
age was exceSSive,.and, on the other hand, it was rather heavy for raise wor: 
At the present time 7/ 8-inch hollow nexagon and 7/ S—-inch quarter octagon sve. 
are used with plugsers. Seven-eigiths-inch quarter octagon hollow is used — 
with stopers, and 1-1/4 inch hollow round with Leyners. The steel has usu! 
been furnished by American manufacturers, though recently a good deal of 
Swedish steel has been tried out. | : : 


: All the 5téol is sharpened by air-overated sharpeners, The bdits are 
the usual double-taper type, with two cutting edges crossing at right angles. 
In an average month 22,000 pieces of steel are sharpened. This is .036 niece 
per ton of ore produced, : ee 


Blasting. —- The quantity of powder used per hole and per round is 
-ltegulated in part by the shift bosses end Toremen in charge of the work wer 
the powder is to be used. No dovbt if anv error is made, it is that too mcs 
powder is used rather than too little. Lcss tnan two-tenths of a pound of 
powder is used per ton or ore protucede 
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Powder is purchased in carload lots. Gelatin-typne explosives in 
strengths of 30 and 40 per cent have been used exclusively for a number of | 
years... Two principal mogazines are used for powder storage; one serves the 
Keystone area and the other the Inspiration and Main Live Oak areas. From 
these magazines the powder is shipped in wooden mine box cars to auxiliary 
magazines underground, where a 24 hours! supply is maintained. 


Fuse is bought by the carload; the unit is a spool on which is wound 
three thousand feet; this gives: fever ends than would the use of smaller. 
units, and there is some time saved in making up the various lengths for blast- 
inge <At the present time the fuse is cut in 7, 5, and 3 foot lengths.’ 


In general, No. 6 strength caps with fuse are used for blasting. 
-Bowlders, however, are blasted by means of electric detonators, which are also 
Sometimes used in stopes and long raises. 


Mucking. - The broken material in development headings is usually 
Shoveled by hand into mine cars. Various makes of mechanical snovels for use 
in extending haulage drifts have been tfied out at Inspiration at considerable 
expense but have not proved successful, The most practical mechanical install- 
ation for mucking out drifts has been a scraper drawn up an incline by means 
of a.double-drum air-operated hoist. The cable from the hoist runs through 
a block anchored in the face. Two cars are pushed under the upper end of the 
. incline and loaded one after the other. The frame is built in the cumoany shops. 

The installation can be easily taken down and put up in half a shift; sufficient 
cable is used 80 that it need be moved only about every 125 feet of drift ad- 
vance. It is easy to keep in operation; the operation requires only two men; 
mine labor can operate it efficiently; repair costs are loW and first cost is 
also low. Two men have loaded and hauled to the dump a total of eleven 5-ton 
cars in a morning's work. On the other hand, the scraper can not be readily 
moved from heading to heading. If, however, many long headings were being 
driven, each heading could be equipped with its own scraper at a reasonable 
cost. The scraper idea was tried out some vears ago for cleaning uv grizzly 
drifts and crosscuts; but while the faces could be cleaned up more quickly after 
the scraper was ready for work, the getting ready and moving from one face to 
another quite destroyed the efficiency of the apparatus. The grizzly drifts 
have a maximum raise interval of 25 feet, so that these are-.easily cleaned out 
by one man shoveling to the raise opening behind him. In crosscuts and in 
Slice drifts where muck has to be moved further than easy shoveling distance, 
Wheelbarrows are used for transporting the broken material. In some instances 
an 18-gage track with car equipment has been used, but up to 100 feet a wheel- 
barrow furnishes the most efficient transport. Recently, a scraper has been 


used successfully in slice drifting where there were two faces that could be 
Cleaned from the same set-up. 


Cyclos of Operation 


Drifts. ~ Rounds in haulage drifts are drilled with mounted or unmounted 
machines, depending upon the ground. The number of holes drilled varies from 
Six to fifteen; the depth of the round is sufficient to advance the drift 
enough for a 5=foot set. Nearly all drifts have to be timbered, After the 
completion of the drilling the equipment for this work is taken back out of 
range of the blast, and the holes are loaded and shot. This work takes the 
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major part of a shift, so that blasting is done at the end of the shift. At 
the beginning of the following snift a timberman is Sent in to make safe the 
back and sidesof the drift. The mickers at the same time start work a con- 
Siderable distance. back in the drift by clearing up the broken rock thrown 
back by the blast. Mucking is pushed so that permanent timbers can te placed 
in the drift during this shift. Sometimes, however, timbering is done on the 
drilling shift after the round is completed. The contractors may vary the 
procedure at times by drilling the upper part of the round and mucking on one 
shift, finishing mocking and drilling, doing the Venues and peeeltae on 
the following shift, 


‘In small timbered drifts the cycle is the same, and in small untimber 
drifts the only variation is in the absence of timbermen,. 


Raises. - In raises where timbering is necessary the cycleis the sar 
as in drifts, except that there is no mucking to do; ouite often the breakin; 
of the ground and the timbering are done by the same man; moreover, as these 
rounds can usually be put in in a rélatively short time, it is possible thai 
4 mumoer of rounds may be drilled and blasted during a shift. Usually a rou: 
is drilled in the first part of the shift and blasted et mid-shift time, and 
another drilled and blasted at the end of the shift. However, in a mine wor: 
on a three-shift basis this is not strictly adhered to. If the ventilation is 
good and it can be done with safety, rounds sre sometimes blasted as Soon as 
they are drilled and loaded, regardless of the time. 


Mining 


The stoping of the ore bodies of the Inspiration Consolidated Copper 
Co. has been going on for the past 14 years, and from the beginning of oper- 
ations the "caving system has been used. 


At the start of mining operations there was some doubt as to the fess: 
bility of caving a 200 to 300 foot back of ore. The first mining was doze ti: 
about 75-foot backs, and the ore was run through raises to the haulage level; 
but as this height ivas successfully drawn, the next step was to take all tne 
thickness at one operation. This very materially cut the development costs :5 
ton of ore. 3 


The low height of backs at the start made a secondary haulage level 
necessary, but as mining Broceasens MOE of this level was abandoned as a 
haulagewvay. | 


"Square-Set" Caving Method. - From the start of operations a ee 
system of development was carried out. The first area to be mined was the 
Inspiration division ore body, and in this the so-called "square-set" cavixz 
method was first. used on a large and systematic scale. (See figs. 5 and ae 
Haulage drifts were driven on lateral intervals of 100 feet; along these driz: 
at intervals of 25 feet pony sets and loading chutes were put in over the drizs 
sets'(see Figs. 7 and 8). . From these pony sets raises were driven in planes 
at right angles to the haulage drifts, The slope of these main raises varies 
from the vertical to a minimum of 43°; a slope of 43°, however, proved too #-> 
for the ore to run well. In general, the raises driven in the early developi= 
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were on a Slope of 50°, Grizzly drifts intersecting the tops of these raises 
were driven parallel to and 25 feet on cither side of the center of the haulage 
drifts, thus being 50 feet apart; grizzlies were built over the top of each 
raise, using rails spaced 10 inches apart. (See fig. 9.) From the grizzly 
drifts at the top of each main raise two further raises were driven, one in 
each direction at right angles to the drift. These raises for the first 18 feet 
of their length were driven on a 40 to 42° slope. At this height a square-set 
(see fig. 10) was built in each raise from which four more raises or "fingers" 
were driven. These fingers connected with the undercutting level drifts which 
were driven parallel to the grizzly and haulage level drifts and were spaced 

on 25-foot centers. The vertical interval between the floor of the havlage 
level and the floor of the grizzly level was 30 to 35 feet, and between the 
grizzly and undercutting level the interval was 30 feet. Thi S arrangement of 
drifts was sound, and, in general, has anes unchanged where this system has 
been used for mining. 


Variations in Development for square- wet , System. = Intervals between 
haulage levels ‘in all divisions of the Inspis:tion mine have not been uniform 
but rather have been regulated by the necessisy for fitting the mining to the 
bottom of the ore with the best economy that could be anticipated in advance. 


The horizontal interval between haulage drifts in the mining area is 
also dependent upon the vertical distance from the level to the bottom of the 
ore. In reaching for high ore the drifts mav be far apart. When the drifts 
themselves are'in ore it is usually desiraole to undercut the ore at as low an 
elevation as possible; therefore, the drifts are spaced close together. This 
can be summed up by saying that tne horizontal interval between the haulage 
drifts has been from 20 to 200 feet. 


On the haulage level the spacing of the "pony sets" necessary for 
starting the main raises has varied from 75 to 15 feet. 


The arrangement of drifts on Lhe grizzly level has seen numerous 
Changes, It has been the habit at Inspiration to take a promising idea, dis- 
cuss its advantages and disadvantages, and if apparently a move was being made 
for the better the new idea was tried out. Originally with haulace drifts 100 
feet apart grizzly drifts were spaced on 50-foot centers parallel to the haul- 
age drifts. The apices of the raise systems from tne haulage drifts were then 
in the center of the space between the haulage drifts. Later a scheme of 
erizzly drifting on 33-1/3- foot centers, but still parallel to the haulage 
drifting, was tired out with very indifferent success. As the interval between 
the haulage drifts was decreased the interval between the grizzly drifts was 
decreased from 50 to 42.5 feet. Due to changes in the raise systems the inter-~ 
val at times has been reduced to 25 and even to 20 feet. 


There has also been much variation in the area tributary to a draw hole. 
Perhaps actually as well as treoretically tne area affected by cach draw hole 
should be as small as possible in order to give the best control of drawing, al- 
though this is perhaps truer with ore that breaks into small. fragments than 
with ore that is coarser and hard after being broken. The arrangement of the 
branch raising and the Square-sets has been the cause of endless experimenting, 
which is not ended yet. It can be understood that each square-set with four 
fingers should draw the ore from 625 square feet, and the desired result is 


6418 _ o- LL + 


Inf .Cir,No.6169. 


that the fingers should be spaced so tnat each finger will have 156.25 squar 
feet - no more, no less. It is not particularly difficult to outline such 
arrangements on paper, but very difficult to put them into practice. fFig:re 
lla and 11b show some of the efforts made to equalize the areas of drawing 
raises. Efforts were mace in the early days of the apolication of the squ: 
set system to increase the number of draw poiats from four to six, ond even 
eight, but neither was found to be practicable. 


The "Grizzly-Control"! Caving Method. - Many millions of tons of ore 
were produced by the square-set caving system at Inspiration, and it contin 


to be a standard system of mining, more particularly where ground conditiors 
are favorable. In some respects it is not an ideal system; one important ii 
advantage is that men have to go above the level into the Square-set to dra 
the ore. This makes supervision of drawing difficult. The square-set ays 
is not easy to inspect or to repair. The best place for drawing ore is att 
grizzly on the grizzly level; insnection of ore being drawn is then easy, the 
condition of the drawing area is readily seen, and above all, maintenance is 
greatly facilitated. Although these conditions were realized from the start 
of operations, there was no necessity for change until mining was begun in th 
Live Oak-division. Ground conditions in this division vere entirely differe 
from those at Inspiration. The square-set system was tried, but with very 
indifferent success. The ground in the Live Oak division when caved broke 
into small pieces, and these pieces vacked tozether readily; the resvlt of t= 
condition was that when the ore was drawn, ‘~oing" occurred. These pines %¥ 
small in section and seemed to go up vertically. This meant that many aress 
were imperfectly drawn. The necessity of a closer interval for raising was 
definitely shown. To arrive at this closer draw interval the raises were 
spaced at 12-1/2 feet along the grizzly drizt; the raises were put up at rig: 
angles to the drift, and the usual square-sets put in--though with this dire 
ence, that from one set the usual four raises were driven and from the nex? § 
only two, Still the grizzly drifts were 50 feet apart, and the draw was con- 
trolled by square-sets. It was then found that good drawing could be done I! 
the grizzly level in this method, but the svace dvetween grizzly drifts was t€ 
Wide; the interior area could not be reached, The next step was to put the 
grizzly drifts closer toyether, 25 feet apart, and Space the grizzlies 12-1/% 
feet apart. In soft ground a number of draw chutes: could be put in at one 
grizzly, and this materially helped the extraction if regular drawing were 
practiced, This system has worked out so well that it has become a standard 
system at Inspiration. The distance apart of grizzly drifts has been stand@ 
ized at 25 feet, though they may be either parallel or at right angles to t 
haulage. The ering interval varies from 12-1/2 to 17 feet. The number 0: 
draw holes from the grizzly varies from two to ten. If the ground conditio™ 
permit the undercutting is done directly from the raises. Figures 12 and le 
illustrate the typical grizzly-control method. Figure 14 is a plan and sec- 
tion showing the inclined-slide caving method, which is also used at Insvir- 
ation. 


) Underground Transportation 
Hand-tramming was satisfactory in the early days of underground deve! 


ment while the results of a part of the churn-drilling were bein tau 
The track gage at first was 18 inches. During tne latter part of this perio 
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a development and suvcly adit having the cross section intended for future 
haulage drifts was driven in from Live Gak G.lch. For a considerable distance 
the track in this odit was laid with a 66-inch ange, and trolley locomotive 
haulage was installed. I+ was soon apparent,, however, that a 36-inch gage 
track in a drift of this size did not allow enough clesrance. The gage then 
was changed to 30 inches, which became the stendard for the minc. About the 
time that this change was made the driving of main haulage drifts on other 
levels of the mine was startod from the dcvclopment shafts; the track gage in 
this new worl was 30 inches and the motive power either a Lorse or a mleée 
Animal haulage was adequate as the naulis vero not long, nor the daily tonnages 
largee However, before tnis development Worl: was finished the amount of ma- 
terial to be moved had grveutly increased ard oclectric trolley locomotives vere 
installed. These served during the remainder of the development pcoriod. 


3 Locomotives. ~ Althou ch tho efficiency and economy of electric haulage 
were recognized, the qucstion’ of its safety was considered debatable, especially 
under the intensive loading of crs and movement of trains that the company 
anticipated. For considerable a? stances choulaege was to be through drifts in 

which loading Chutes were spacec at cd-foot intervals on both sides of the 

drift. The guarding of the trolley wire at the chutes and the protection of 
men while loading cars vas considered such a serious problem that it was de- 
Cided to adopt a haulage system in which the hazard of the trolley wires vias 
eliminated. Genres sed-air locomotives waich Were in use at several surface 
plants. were investigated and found to be svccessful and sofe. This type of 
motive power was then adopted for the Iaspirayion mine and used exclusively 
until 1926. 


The air locomotives are of the cross-compound type; air enters the high- 
pressure cylindcr at 250 pounds through a reducing valve and exhausts through 
a cellular heater into the low-pressure cylinder at 125 pounds per square inch. 
The capacity of the storage tank is.105 cubic feet; it is char, 70d from the air 
line at 850 pounds pressure. The length of time necessary for charging varies 
from 30 seconds to a minutes eae) & | 


In discussing this t:rse of houlage it can tbe said, of course, that 
whatever danger axisted from the trolley wires was eliminated, but dangers and 
difficulties not at first thought of were introduced, A reciprocating machine 
is not so easily controlled as a rotating machine; therefore, air locomotives 
require more careful handling than electric motors, This is particularly 
noticeable when the air motor has a heavy load that.is difficult to start. 
Often when given a full head of air there is a decidcd jump upon starting | 
Which is dangerous. The couplings at the charging stations breek at times and 
allow the swiveled comiections to fly about with terrific force. Fynelly, the 
Speed of the trains can not be controlled so easily as with an electric motor, 
end excessive speed is particularly dangerous under mine conditions. 


An air locomotive has one advantaze that might be overlooked - it can 
Still pull cars through drifts in heavy grcwnd where clearance has been consider- 
ably reduced, while with trolley locomotives allowance must be made for the 
trolley wire. Of coursc, it may be said tiat a storase-battery locomotive has 
the good points and none of the failings of on air motor, This can now be 
granted, but the storage-battery locomotive was in its ant ceeY when ¢ nspiration 
adopted the air motore 
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In 1926, upon the beginning of development operations in the Sulphide 
Tunnel division of the Live Oak and with the necessity for moving large ton- 
nages of ore to the Inspiration main shaft, a distance of 1-1.4 miles, carefu 
study shoved that air motors would not be economical for this service. Too 
much time vould be lost in charging the motors, their starting effort was in- 
sufficient, and a sustained moderate speed was considered more advantageous 
than the high speed to be obtained by the air motors between charging stops. 
For these reasons 8-ton, two-motored electric trolley locomotives were put in 


' this service. Trolley locomotives of the same size were also installed in 


other portions of the mine where haulage conditions were favorable, and have 
'. proved satisfactory. _ — 
Cars. ~ During the hand-trarming period of the early development days 
-end-dump, ‘14 to 20 cubic foot cars were used. When animal and the first elec 
‘tric haulage were adopted, the same cars were used in extending haulage drift 
As the tonnage movement increase , rocker-dump cars of 2-ton capacity and 

Side-dump cars of 1-1/2-ton capacity were placed in service. The rocker-dux: 
cars are still used in development work and have proved to be a convenient t:; 


Previous to placing the mine on a production basis the standard type 
of: car for haulage was decided upon. Its constructicn was all steel, its cap. 
ty 102 cubic feet or 5 tons, and its length, center to center of couplers, wa: 
8 feet 4 inches, The car was a simple box mounted without. springs on four 
wheels, Crown brass bearings vere used. This type of car has hauled the mai 
portion of Inspiration production. 


As the mining areas were extended to the Live Oak division and nore 
haulage levels were opened, the question care up for decision as to whether 
or not these new levels should be equipped with the box-type cars. It was de 
cided to change to a roller-bearing side-dump car of nearly 5-ton capacity ox 
of the same length as the box-type car. These cars have been found satisfac- 
tory in most respects. Although the original tipple-dump cars were all fitie: 
with crown brasses, a change is being made to tapered roller bearings. Even 
cars that at first. were equipped with cylindrical roller bearings are now 
‘being fitted with tapered bearings. All types of cars in use have about the 
same capacity, varying only from 98 to 102 cubic feet. 


_ The advantage of a side-dumping car is that it discharges its load 
without mechanical help. The disadvantage is that leakage around the doors 
is very difficult to prevent and the constant clean-up of drifts is costly. 
_ Moreover, the additional moving parts cause Some trouble.’ 


A box-tvpe car mst be dumped by some mechanical device; at Inspirati: 
the device is a tipple that rotates through 360°, holds five cars, and is 
driven by a 35-hp. electric motor through clutch, shaft, and gears. Fortunate 
ly for continuous production, the level from which the major portion of the 
ore comes is equipped with two tipples. + This provides a partial outlet for 
production when one tipple is out of commission for repairs. | 


The type of tipple in use at Inspiration necessitates the uncouplizé 
of 5-car units for dumping; when dumped these cars are "kicked" off the tipple 
and five others are placed for dumping. This is hard usage for the cars. 4A 


ee ala with horns at either end for stopping and holding the cars. in position 
and which rotated 180° back and forth was tried cute It-was-so designed that 
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the cars were not supposed to be uncoupled in dumping. This machine, however, 
did not come un to expectations and to get satisfactory dumping capacity it was 
necessary to discard the device and put in the side-dumping cars. 


track. - From the start of operations the standard weight of rail in 
use was 40 pounds to the yard. On a long heavy haul it was decided to use 60- 
pound rails, but this is the only exception to the 40-pound standard. Frogs 
were at first of ordinary steel construction, but these did not give satisfac- 
tion. Under severe conditions it has been necessary to replace then at 24-hour 
intervals. Solid manganese-steel frogs were used as replacements and have now 
become standard, 


Curves are usually run on a minimum radius of 60 feet, although curva- 
tures as short a radius as 35 feet have at times been necessary on account of 
local conditions. a 


Inspiration was among the first metal mines to install a centrally 
located and electrically operated switch-throwing device. By means of this 
control, track switches routing trains to either terminal can be thrown. This 
increases the safety of haulage operaticns as helpers do not have to leave 
the car or motor to throw switches; moreover, it materially speedsup train 
movement. through the most congested areas. 


To increase further the safety and speed of train movement, an elec- 
'tyic block system was installed. This system is the same as that used on 
steam railroads. In some congested areas caution signals were installed in 
connection with the block systen, 


Trains and Car-Loading. - Trains for tipple dumping are made up of 
15, 20, or 25 cars. The side-dumping cars are made up into trains of from 10 
to 20 cars; the number in this case has no effect upon the efficiency of dis- 
charge, as each car is dumped as a unit. 


The car length of 8 feet 4 inches from center to center of couplings 
was determined by the distance between chutes in the haulage drifts. As this 
distance is 25 feet, every third car of a train can be placed under a'chute > 
for loading. The multiple for loading does not always correspond with the 
dumping multiple; nevertheless, loading can be materiallyspeeded up in this 
way. The loading of the train consuzes the largest percentage of the round- 
trip time and is the point where the most time can be Saved. 


In each important loading drift there is at least one "raise-runner" 
whose work it is to keep the chutes clear of bowlders and timber. If chutes 
are in good condition this man helps with the train loading. 


The train crew consists of three men ~ a motorman and a helper at the 
front end of the train, and another helper at the rear end. When loading, 
both helpers "run" chutes, the mctorman moving the train as required, When 
dumping at the tipples, one helper is stationed at one end of the tipptie to 

uncouple the cars and one is placed at the other end of the tipple to signal 


to the tipple operator that the cars which have been dumped are in the clear 
and the cars on the tipple are in poSition for dumping. The end of the tipple 
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where uncoupling is done is in view of the tipple operator. | In dumping side- 
dump cars, both Heep ers are emloyed. 


Transfer Raises. - In the movement of Keystone division ore it is neces- 


ee ee eS cS 


sary to transfer the ore from the third toethe sixth level, a distance of 350 
feet, (see fig. 13). The ore is loaded on the third level in: side-dump cars 
and hauled to transfer raises, There are eight transfer locations on the third 
level where cars may be dumped. At the Live Oalz No. 1, two side—dump locations 
are arranged with a manway raise between. At the sixth level the pocket at the 
bottom of these two transfer raises is fitted with four air-operated gates for 
the loading of four cars at the same time. In this transfer there is no inter- 
mediate control. ) 


The Keystone No. 1 and No. 2 are vertical transfer ore vasses with one 
control between the third and sixth levels, There are tio dump locations on 
the third level tributary to No. 2 ore pass. On the sixth level four air- 
operated gates and air-overated hoppers are used for car-loading at each pocket, 
These two ore passes are 50 feet apart, and in the space between is a vertical 
two-compartment raise. In one compartment is a cage which travels from the 
third to the sixth level. -The other compartment is used for a ladderway. <At 
eo-foot intervals this raise communicates with both ore passes, 


The Keystone No. 3 has three dum locations on the third level. On 
the sixth level air-opverated gates are used to load two cars at.a timc. A 
separate manway raise is connectcd with this transfer raise at 60-foot inter— 
vals.to a height of 200 feet. At this height the raise is branched, as shown, 
to connect with three haulage drifts on the third level, and control chutes 
are installed in each branch, At this elevation also a drift connects the 
No. 3 Keystone with the Nos. 1 and 2. 


This arrangement of ore rasses with controls allows the separation of 
sulphide and oxide ores in the same raise and permits maintenance work to be 
done in part of a raise while the other part is in use. The number of separ~ 
ate transfer raises provides against interruption of ore movement. 


Pockets. - At the Inspiration main shafts the original installation was 
designed for hoisting from one level. There were two haulage levels, but tne 
upper level pocket was not arranged for hoisting; instead, as shown in Figure 
4, it was connected by a transfer raise, branched at the lower end, with the 
two pockets on the lower level, The flow of ore is controlled by a nand- 
operated gate at the bottom of each branch, The unper pocket and transfer 
raise have a storage capacity of approximately 1,600 tons. | 


In the floor of each poclzet are two openings Which allow ore to flow 
onto the feeders in the loading-floor room. In this room are four driumtype 
motor-driven feeders. Each feeder discharges into a hopper which can hold 
one skip load and is so counterbalanced that when filled the feed mecnanism 
is stopped. The hopper gate is connected by means of toggles and rods toa 
tripper in the shaft. When the descending sitip hits this tripper, the hopper 
gate drops open emptying the hopper load into the skip. The hopper gate, 
being counterbalanced, closes, and the oyere. is completed by the automatic 
starting of the feeder, 
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At the Live Oak main shaft the loading stations on the tenth and twelfth 
levels are similar to those in the Inspiration main shafts. ‘Different ties of 
feeders are in use and HOPEEES are slightly different, but the general idea is 
.the same, — 

The loading stations on the sixth and eighth tue of the Live Oak 
main shaft are simpler in construction and operation. Ore runs from the main 
pocket through an air-operated door into a measuring pocket. This is designed 
to hold just one skip load of ore, and is closed at the bottom by a second air 
door. The opening of the lower door allows the measured amount of ore to slide 
into the skip; the door is then closed, and the pocket refilled. This arrange- 
ment has worked out successfully and the cost of installation was considerably 
less than for the loading devices. on the tenth and twelfth levels. The sixth 
_and eighth level pockets have less storage capacity, but it is sufficient. 
Excess pocket capacity is a safety factor in an underground transportation © 
system, as trains are not delayed on account of lack of dumping space; the same 
effect is also attained by means of skiv-loadcing arrangements: that: always: per- 
mit efficient hoisting from the various Jevels of a Shaft. 


Hoisting Equipment. - Ore is hoisted at the eee ee shafts ny 
two double-drum electric hoists. The drums are 10 feet in diameter and: grdoved 
for 1-3/4-inch rope; one drum is fixed on the shaft and the other has a clutch. 
The hoisting speed is 750 feet per minute. All hoisting is done. in balance. 
The hoists can be operated,by hand from platforms in the hoist room. ‘They can 

also be operated by remote control by the attendant on the loading floor at the 
600 or the 800 level, or both hoists can be set to operate automatically from 
the upper hoisting level. The lower hoisting level is reached by only one 
shaft. When it is necessary to hoist from both levels at the same time an 
attendant on each floor starts the hoist by remote controle The hoist stops 
automatically When the skip reaches the dumping position.. 


Under automatic control the two hoists combined can hoist 75 skip loads, 
or 950 tons per hour; with manual control aro the loading floor Rago capacity 
is 105 skips per hours — 


The Live Oak main shaft is cheat with a double-drum electric hoist. 
The drums are 12 feet in diameter and are grooved for 1-7/8-inch rope. Hoist~ 
ing can be controlled either from the hoist platform or from the skip~loading 
roome . 


On account of the length of travel,’ the loss of ‘hoisting time caused 
by changing from one level to another, and the large tonnage to be hoisted, 
the hoisting speed.at this shaft was.originally 2,200 feet per minute. With 
more efficient operation of the hoist it has been practicable to reduce the 
speed to 1,500 feet per minute. Although this has lengthened the hoisting 
period, the ore can ordinarily be removed from the pockets fast enough not to 
interfere with haulage. operations. If hoisting is delayed and the necessity 
for speed is apparent, the hoist can be run at the higher rates 


The four hoisting compartinents: at the Inspiration and the two at the 
Live Oak shafts are all of the same size. Skips are interchangeable if needed. 
Usually, however,.a skip taken from a shaft for repairs is sent back to the 
shaft from which it came. This is in part due to the necessity for putting 
"wearing shoes" on the Live Oak main Shait skips. In this shaft the high speed 
 6418° :; — 7 | i | % | 


Inf .C4r.No.6169,. 


of the skip and the Small clearance between it and the front and back walls 
of the shaft caused excessive wear of the skip surface, This has been remedi: 
by putting on steel shoes made of discarded roll shells to take the wear. 


The skips will hold between 13 and 14 tons of ore, but the load is 
kept as nearly aS possible at 12-1/2 tons. This prevents some spilling of 
ore in loading and in dumping. : — | 


At the Inspiration main shafts no provision was madé for hoisting wes’ 
At the Live Oak main shaft in the original installation, waste from undergrex 


- operations was hoisted by the ore skips. A slide could be lowered into such 


‘ 


position that waste dumped from.the skips would be diverted into a waste bin. 
Due to the difficulty of raising.and lowering this slide, its use has been 
abandoned. Waste is now handled in standard mine cars and hoisted on the mez 
cage to a track which runs over the top of the waste bin. Fortunately in tne 
production of a large tonnage of low-grade ore the absolute separation of a 
relatively small quantity of material too low- grade: to be called ore is not ci 
paramount importance. : 


“Supplies. — At oe Insviration season: an  aneianea shaft is used fcr 
the lowering of supplies into the mine. A dravbridge connects the incline 
with the third level of the mine. This level is connected with the surface 
by on adit which starts from the "tunnel yard." The latter comprises within 
its limits the mine warenouse, the mine timser framing plant and sawmill, the 
tool-sharpening shops, and mine machine shop. The explosive supplies for par: 
of the mine are also stored within the limits of the yard. 

All susxslies are loaded on trucks or into cars in the yard, taken 
through the tunnel to the’ inclined shaft and lowered to the sixth or eighth 


level of the mine. The sixth level. connects with the Inspiration and Live 0x 


main shafts. Supplies for the lower levels, of the Live Oak shaft are hauled 
from the inclined shaft to the Live Oak main shaft and there lowercd on the 
man cage to the lover levels. Generally supplies from the tunnel yard are rot 
unloaded from the bees: until th a reach a point on a haulage level near the 


place of use. 


An additional timber vard is maintained at the Live Oak main shaft for 
both framed and unframed timber, This material is loaded on trucks and lLowere- 
into the mine on the Man Cage | 


‘PERCENTAGE EXTRACTED, ORE AND METAL 


The percentage spractad by a caving system of mining is difficult to 
estimate. I+ is first necessary to arrive at some basis by which the extrec- 
ticn is to be measured. Ir the ore reserves are calculated on 1.5 per cent 
ore and the ore body is overlaid or underlaid with 0.7 per cent material, a 
apparent 110 per cent extraction of the ore and 100 per cent recovery of the 
metal of the original calculated block is easy to obtain. However, if the 


"0.7 per cent taken in consideration in the original estimate or if the dil 


tion is barren capping, such a nner eohte ECON ey. cen not be obtained. 


at Inspiration ore reserves are reed to contain material down to % 
point where the margin cf vrofit of mi: ning ceases this 185 -a\nore conservative 
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basis than many corpnanies use, It is vrobable that this method increases care 
in drawing, which results in gocd ore. aid ctl recoveries. Also, it conserves 
within reason the ore reserves wnich are the cépital of a mining enterprise, 

In a given area of development a maxinum of ore aud rietal most be extracted 

in a mininum time, When the ove drawn fro: the stopes has paid for the cost 
of development of the area any additional production has only to meet the 
mining and treatment costs, and as long os it does 80, profitable extraction 
may continue. 


Under the conditions outlined above of ore estimation and drawing at 
Inspiration a minirmm efviciency of 75 per cent is figured. The recovery of 
the estimated tonnage is in excess of 110 per cent, with a recovery of over 
85 per cent of the retal context. 


It should be remembered in this connection that at Inspiration no cor- 
rection is mede of the estimate of the grade and tomiage of ore in place, Tue 
eStimate is made from the resu1*+s of the churn-drilling done years ago, The 
only excepticun is that in certi:1 arcas diamond-drilling has heen done in 
recent years to prove the resutts of the old churn-drilling; althocush the 
diamond-drilling usually checks the churn-drillin;s to a pera abic degree, the 
former is used in estimating the tonnage and assay of a block for the reason 
that the assays in this drilling vere run carefully for the acid soluble and 
acid insoluble conver content of the ore. This division of tonnage is of 
importance wiero two separate classes 22 ore are mined for different types of 
plants--theat is, concentrating and leaching. 


To a very large extent all development is cone in material that carries 
enough conper to pay trectront charges. Inasmuch as this material has to be 
mined, it is economy to put it through the trestment plants, This, of course, 


is true only if there is sufficient plant capacity so that rcre profitable ore 
is not crowded out. 


Tne waste disvosed of separately from the ore has fron the start of 
production (July 1, 1915) to date (Jon. 1, 1929) amounted to 1.974 per cents; 
1,224,984 tons of waste and 60,829,211 tons of ore have been handled. 


COMPARISON OF DIFFERENT METHODS USED IN DISTRICT 
At present there are but two properties operating in the Miani mining 
district, and both properties are using the caving system of mining, There 


are minor differences in the anplication of the method. These differences are 
ina large part due to the physical difference in the ore bodics being mined. 


WAGE, CONTRACT, AND BONUE SYSTEMS EMPLOYED 
Since the start of operations at Inspiration there has always been an 


Opportunity for energetic slrilled worlazen to earn more than the standard rate 
of pay for a day's worl. 


From the start, also, this increment of pay has been based upon a con- 
tract system rather than upon a bonus systere 
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Alk development work can be contracted in small vnits to men who have 
the desire to increase their Gaily earnings by increased effort or the more 
intalligent application of their skill. Contracts in sma}l units are desir- 
abl@ from the viewpoint of the company, but more particularly from the viewnc: 
of the employee. If the contract does not prove to be profitable, the man 
realizes that he does not have to continue the job for a long period. Althe:- 
the contractor can not te paid below tue standard wage paid in the district 7: 
the class of work being done, it has been found that when a contractor tries 
and falls below the company account rate of pay, and he knows this without tc: 
told, he is apt to fall below the company account man in the quality and qui- 
tity of work done. That is where the ccomoeny suffers if the contract is co: 
tinued, With a small contract, adjustments of rates of pay can readily be ™ 
The adjustments may be necessary on account of unforeseen frovnd conditions, 
or on account of supply and vontilation conditions which may have herd to te 
changed for onerating reasons, Bacn contract stands on its own tasiSe Usual! 
it is true that the same class of work in a division is priced the same, tri . 
' dmall units readily allow minor adjustments. 


. . - However, the great advantage of any contract system over any bonus s% 
tem is that a contract system is besed upon a wait of wore done for a specifi: 
price. It can be terminated by either tne emloyee or the company, Since it 
involves an understanding br both parties and has to be mutually satisfactory. 
It Should be remembered that the so-called contract systom at Inspiraticn is 
just an opportunity for an employee to iak: rure than the base rate cf wage 7: 
the class of work being donee The contract sucilc, of course, return 2 prefi: 
to the company as well as to the contractor. 


To arrive at an equitable bonus system for mining operations is exce?: 
ingly difficult, and it is considored at Inspiration that it more recdily lexi 
itself to abuses and injustices tnan a well-managed contract system, After 
once started, a bonus system is harder to terminate or change than a contract 
system, as a contract is based upon a particular piece of vork and the boms 
upon a Class of work, 


VauTILATiIcCn 


+The mine is ventilated in three independent sections by exhaust fans. 
One fan of a canacity of 140,000 cubic fvet per minute at the inclined shart 
furnishes ventilation for the Insyriation division. The two main hoisting 
shafts were originally the main intake of this division, but as mining opersa- 
tions have progressed and more areas: have been caved, more openings to the cut 
Side have been made; this has diminished the amount of air drawn down these 
shafts. Much of the air drawn through the caved areas snort-circuits to tr 
fan, which materially decreases the proper ventilation or some of the areas 
being worked. In some cases, however, the short-circniting air goes direct-y 
through a stope that is being worked. With so many primary entries for air 2 
Stopes scattered over a wide area the control of ventilation is difficult. 


An exhaust fan of 110,000 cubic feet per minute is installed at the oc 
Keystone Shaft for the ventilation of the Keystone area, The air handled 
this fan comes in through surface cpyenings in worked=out stopes on the west Ss: 
downcasts to the haulage level, and then upcasts through the working stones o= 
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she east side to raises that connect to an old prospect level of the Keystone 
shaft; here it collects and is drawn to the exhaust shaft. 


| The Live Oak area was more difficult to ventilate, but the air currents 

lave been effectively coursed through the workings. A fan of a capacity of 70,000 
cubic feet over the Porphyry No. 1 shaft exhausts the return air of the division 
‘rom the 600 level. The shaft is smooth-lined with concrete. The Live Oak main 
-haft is the main inlet; the air is drawn to the 1,200 level and from there travels 
-hrough the levels and stopes to the 600 level. Some air short-circuits on the 600, 
100, and 1,000 levels; that on the 800 and 1,000 levels is not ee lost, but 
lps to ventilate the workings on the 600 levels 


; Usually, secondary ventilation in stopes is furnished by high pressure fans 
hrough 12-inch tubing. The fans are placed upon the main air courses; aid the 
vubing is run up raises or into raiscs that connect with the areas to be ventilated. 
“n one area secondary ventilation is furnished by a 20, 000-cubic-foot, fan taking 

‘ir from the main currents. 


| The route of travel of the main air currents is controlled by substantial 
letal-covered wooden doors, either single or double; canvas- ~covered doorframes may 
1 used for controlling small amounts of moving air. 


Not many openings are driven primarily for ventilation, and these open- 
.ngs are not expected to be used over a long veriod. The mining of the lea 
sonnages required at Inspiration rapidly moves the zones of mining, and thu 
‘entilation currents have to be often changed to suit changed conditions. poses 
ently, the ventilation is not all that can be desired, but Working conditions 
ire nevertheless good. A balance mst be obtained between efficient operating 
tondi tions and a.prohibitive expense for independent air courses. 


FIRE HAZARDS 


The fire hazard underground at Inspiration is practically negligible. In 
the first place, all primary air inlets are of concrete construction or are in 
intimbered rock areas, Also, the material mined can not start or suport combus- 
tion. The mine is kept free of small debris, and oil-soaked matcrial is placed 
In containers that are emptied as occasion demands, Electric wiring is heavily 
insulated to prevent short eincurye ana the aiid — is exposed for inspec- 
tion by everyone. 


Fires starting from carbide lamps or from spontaneous combustion of oil-~ 
soaked material around the car and’ motor repair stations are possible. There is 
also the possibility of a fire's starting from short circuits in the power and 
lighting circuits. The time required for carbide lamps to start heavy timbers 
burning is considerable; smoke from timber is quickly distinguishable for long 
distances, and its orgin may be traced and any incipient blaze extinguished. 


Water that can be used for fire-fighting is piped to all working places. 
Chemical fire-extinguishers are placed in known locations throughout the mine. 


A complete outfit of half-hour and two-hour breathing apparatus, with the 
necesSary auxiliary equipment for fire-fighting or use in gas, is kept at the 
Inspiration main shaft. This apparatus is all kept in first-class shape. A crew 
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of 15 men has been trained in the use of all this apoaratus. Their woring 
places in the mine and also their residence is knoWn, so that they can te 
easily assembled either night or day for duty with the apparatus. Extra cot 
pensation is given to these men all the time that they are in tho employ of 
the corpany. Also, all the men carried as "apparatus" men are proficient in 
first-aid work, © 


Surface yards are all protected with high-pressure hydrants; the hose 
for connection with these hydrants is tested out each weeke 


SAFETY METHODS AND FIRST-AID TRAINING 


The management and supervising personnel at Inspiration believe in 
‘Safety; it follows, then, tnat the idea permeates the whcle organization. Tc 
keep ‘the idea vefore everyone at all times, the cormany emloys 1. competent 
safety inspector, This insnector visits all working placcs, acquaints himsel: 
With any hazards that may exist, and if inmeciate measures are necessary gives 
the orders to mike the nlace safe. In most cases the snift boss in charge co: 
the work is notified, and he sees that the necessary worl: is done. The safer 
inspector gives frecuent talks on safety to the wornen and to the bosses. 
These talizss are at times mide to the bosses only, at times to the workmen only, 
and at times to both groups toscther. The tallis are given both in English = 
Spanish. Cooperation between the bosses, tne men, the safety imenector is is 
close, and excellent results have been obtained. 


As An iseenbive to the »ractice of scfety methods, bosses are give? 
bonuses for good sarvety records. A si.ift boss Whose crew works a thousand mr 
shifts without 1 lost-time accident is given a bons of $20. If a lost-tine 
accident occezrs, he loses credit for the shifts already worked, but a new 
period starts ere immediately after the accident. 


The foreman who has the smallest percentage of lost-time accidents 
among the men under his charge during a month is given a toms of $30, 
and if in the succeeding month he caceraee has the least percentage, an addition! 
bonus of $30 is allowed. 


An efficient mine-rescue and first-aid station is located in the dis- 
trict, and is maintained by the operating companies. This station is in 
charge of a very co:metent first-aid man. During the cooler months of the ye! 
he and nis assistents give instruction in first-aid and mine-rescue, holding 
classes at several places in the district. Once during the season a first- 
aid contest is arranged. Cash vrizes ore awarded to all members of the tex 
that enter. However, the four teems having the highest percertage ef slxillfl 
work are consicered the Wi:mers and have the highest graduated cash rewards. 
To obviate the possibility of cne tecm's winning year after vear, a stipulatic 
of the contest is that no team shall have more than two members who were me=> 
‘bers of a winning team in the previous year's contest, 
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SUMMARY OF COSTS 
Name of Mine ~ Inspiration Period Covered ~ Year 1928, 
Tons Ore Hoisted Diring Period = 4,879, 646 


Mining Method ~ Caving 


ae Partial Underground Costs per Ton Ore Hoisted 
Le Se Oe 4. Ds 6. ce & 


Comp Air 
Super» Drills & Power Explo- Other Totals of 
Labor vision Steel Cost sives Timber Supplies Partial Costs 


Development $0.123 $0.007 $0,019 ~~ $0,016 $0.040 $0,006 $0,211 


Mining 0146 007) OS C17) = .031 9002 9208 

Transportation lll «= ~-  §0,014 .003 .013 0003 0144 

Gen. Under~ 

ground Exp. ,012 ~ = ~ os - ~~ e012 

‘Surface Exp. .008_ - = Z : : 008 
TOTAL 6400 .014 4024 014 036 084 e011 6583 

NOTES : 


Cowen 


Item 5 includes power for overating dri’is, labor sharpening drills, etCe, 
but labor for operating drills is included with Lator snown in column 1, 


Item 4 includes all power used for Underground Haulage and Hoisting only. 
Those two items, with Air Compression, comprise the greater bart of power used, 
Other items of power negligible in terms of cost per ton of ore hoisted. 


Items 5, 6, and 7 include Labor and sundry other expenses incident to the 
handling of Explosives, Timber, and Other Supplies. 


6418 —- 235 « 


